The mean bodyweight of the animals was 26 ± 1 g. In preliminary trials, dosages ranging from 3'3 to 16'7 ml/kg were administered by intraperitoneal (i.p.) injection (2 mice per group) and the anaesthetic effects observed. Following this, the effects of the drug mixture at dose rates of 10'0 ml/kg and 13'3 ml/kg were assessed in groups of 10 animals (5 male, 5 female).
Rats.
Sprague-Dawley rats (Rattus norvegicus), 8 weeks old, were obtained from a barrier-maintained breeding unit. All animals were weighed and the drug dosage calculated for each individual. The mean bodyweight of the animals was 280 ± 15 g. In preliminary trials, dosages ranging from 0'5 to 4'0 ml/kg were administered by i.p. injection (2 rats per group) and the anaesthetic effects observed. Following this, the effects of the drug mixture at dose rates of 2'7 ml/kg and 4'0 ml/kg were assessed in a group of 10 animals (5 male, 5 female).
Hamsters.
Hamsters (Mesocricetus auratus), 12 weeks old, were obtained from a commercial supplier and housed in conventional conditions until required for experiment. All animals were weighed and the drug dose rate was calculated for each individual.
The mean bodyweight of the animals was 87 ± 9 g. In preliminary trials, dosages ranging from 1'0 to 5'0 ml/kg were administered by i.p. injection (2 hamsters per group) and the anaesthetic effects observed. Following this, the effects of a dose rate of 4 ml/kg were assessed in a group of 10 animals (5 male, 5 female).
Gerbils. Gerbils (Meriones unguiculatus), 10 weeks old, were obtained from a commercial supplier and housed in conventional conditions until required for experiment. All animals were weighed and the drug dose rate calculated for each individual. The mean bodyweight of the animals was 55 ± 8 g. In preliminary trials, dosages ranging from 5'0 to 9'0 ml/kg were administered by i.p. injection (2 gerbils per group) and the anaesthetic effects observed. Following this, the effects of a dosage of 8 ml/kg were assessed in a group of 10 animals (5 male, S female).
Guineapigs. Guineapigs (Cavia porcellus), 10 weeks old, Hartley strain, were obtained from a commercial supplier and housed in conventional conditions until required for experiment. All animals were weighed and the drug dose rate calculated for each individual. The mean bodyweight of the animals was 440 ± 35 g. In preliminary trials, dosages ranging from 4'0 to 10'0 ml/kg were administered by i.p. injection (2 guineapigs per group) and the anaesthetic effects observed. Following this, the effects of a dosage of g·o ml/kg were assessed in a group of 10 animals (S male, 5 female).
Rabbits. New Zealand White rabbits (Oryctalagus cuniculi), over 1 year of age, were obtained from a commercial supplier and housed in conventional conditions until required for experiment. All animals were weighed and the drug dose rate calculated for each individual. The mean bodyweight of the animals was 4'2 ± 0'7 kg. Midazolam, 2 mg/kg, was administered by i.p. injection, and 5 min later fentanyl-fluanisone was administered i.m. at a dosage of 0'3 ml/kg of the commercial preparation 'Hypnorm' to a group of 5 animals (2 male, 3 female).
Assessment of anaesthetic effects
All species were observed to assess loss of the righting reflex (this was judged to be absent if the animal did not turn back onto its feet within 1 min of being placed on its back), loss of response to a tail pinch (mice, rats and gerbils) or to an ear pinch (rabbits and guineapigs) and loss of the pedal withdrawal reflex. Recovery was assessed by the reestablishment of these reflexes. Surgical anaesthesia was considered to have been produced when the tail pinch or ear pinch responses and the pedal withdrawal reflex were absent. Previous experience in this laboratory has shown that these criteria are reliable indices of surgical anaesthesia.
Assessment of possible adverse reactions
A group of 10 adult Sprague-Dawley rats each received dosages of 4'0 ml/kg i.p., and were humanely killed (by exposure to CO2) 24 h (5 animals) or 48 h (S animals) later. A further group of 10 rats received 3 successive doses of the drug mixture (4 ml/kg) at I-week intervals, and were then maintained in conventional conditions for a further month before being killed. The abdominal cavity was examined for any gross pathological changes.
Assessment of stability of drug mixture 20 ml of drug mixture were prepared as described above, and stored in a rubber-stofpered glass bottle at room temperature (20-25 C) for 8 weeks.
Each week 2 rats received a dose of 4'0 ml/kg i.p., and the anaesthetic effects were observed.
Statistical methods
The duration of surgical anaesthesia, time taken for return of righting reflex and maximum reduction of respiratory rate were compared in the 2 dose rate groups of rats and mice using the MannWhitney test, and a significance level obtained from tables.
Results
The anaesthetic effects of the drug mixture are summarized in Table 1 . In all species, preliminary trials indicated that dose rates less than those selected for further study produced a loss of the righting reflex but did not result in surgical anaesthesia. Increasing the dose rates above that required to produce surgical anaesthesia resulted in severe respiratory depression. The effects of increasing the dose rate in mice (groups I and II) and rats (groups A and B) were investigated more extensively. In both species the increased dose rate prolonged 'sleep time' (time taken to regain the righting reflex) (P<O'OOI) but the duration of surgical anaesthesia was not significantly different between the 2 groups of mice (P>O'I) or the 2 groups of rats (P>O·I) .
In rats the maximum reduction in respiratory rate was significantly greater at the higher dose rate
(P<O·OS).
In all of the species investigated the drug combination produced surgical anaesthesia with good muscle relaxation. Although some degree of respiratory depression was always produced, none of the animals developed cyanosis. The dose rate necessary to produce surgical anaesthesia varied considerably in the different species studied. In rats, a dose of 2'7 ml/kg was sufficient, whereas mice required 10'0 ml/kg. Other species required No evidence of inflammation or other pathological change was seen on inspection of the abdominal cavity in rats killed 24 and 48 h postinjection. No signs of ill-health were seen in the groups of rats housed for 4 weeks following repeated drug administration and no gross pathological changes were seen in the abdomen.
The duration of surgical anaesthesia in rats did not change significantly (P>O'I) over the 8-week period during which aliquots were taken from a stock preparation of the drug mixture.
Discussion
Midazolam has a similar spectrum of effects to diazepam, one of the more widely used benzodiazepines, but differs in having a more rapid onset of action. It has a shorter duration of action than diazepam due to its rapid metabolism (Pieri et ai., 1981) and has a broad therapeutic index. Most of the benzodiazepines are poorly soluble in water and must be dissolved in organic solvents to produce injectable preparations. These solvents are locally irritant and preclude the possibility of mixing the preparation with aqueous solutions of other agents.
Midazolam does not produce surgical anaesthesia following Lv. administration to rodents, even at dose rates as high as 30 mg/kg i.v. (Pieri et ai., 1981) . However, it has been shown to potentiate the effects of thiopentone in mice and to produce neuroleptanalgesia when administered intravenously together with droperidol and fentanyl. Midazolam and fentanyl alone did not produce satisfactory anaesthesia in rats however (Pieri et ai., 1981) . Similar results have been obtained in this laboratory in the evaluation of fentanyldiazepam and fentanyl/fiuanisone-diazepam combinations in rats and other laboratory rodents. Fentanyl/fluanisone and diazepam consistently produced good surgical anaesthesia, whereas fentanyl alone and diazepam failed to produce satisfactory anaesthesia (Green, personal communication) .
The results of the present study show that midazolam combined with fentanyl-fluanisone produces neuroleptanalgesia with good skeletal muscle relaxation in mice, rats, gerbils, hamsters, guineapigs and rabbits. Subsequent clinical use of the combination in rats and rabbits has indicated that anaesthesia can be prolonged by the administration of small doses of 'Hypnorm' (0'1 ml/kg i.m. in rats, 0'05 ml/kg i.m. in rabbits); 6-8 h of surgical anaesthesia have been produced using this technique. Continued use of a single batch of the drug mixture has shown that the combination remained effective for at least 2 months, so enabling convenient and economic usage. As with other combinations of a benzodiazepine and a neuroleptanalgesic mixture, midazolam and fentanyl-fluanisone produces profound analgesia and good muscle relaxation. Although respiratory depression may become severe in some individuals,
